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Abstract 
Recent image classification based on watershed algorithm (Watson et. al.,1992) has 
reported as a potential method for producing accurate method of classifying satellite 
images. This method, however, can only be applied to 2-D feature space and hence 
several independen analysis had to be combined to give acceptable results. In this 
paper, a generalizat n of the watershed algorithm to enable classification of any n-D 
feature space is presented and analysed. Results are presented for 3 different models of 
classification: (i) maximum likelihood, (ii) combinations of 2-D watersheds, and (iii) 
n-D watershed, tested over a relatively heterogeneous land cover of Malaysia. It is 
shown that the n-D watershed method is the most superior, although it has not 
reported a substantial improvement in the classification accuracy from the 2-D 
approach. Given the elaborate computational time taken by the n-D watershed, it is 
concluded that the n-D watershed is no better than the 2-D approach. 
1.0 INTRODUCTION 
The application of satellite remotely sensed data for land cover mapping has long been recognized 
(Haralick and Fu,1983; Thomas et. al.,1987), although the search for operational and robust 
technique for extracting this information still continues (Townshend,1992). Among others, the poor 
classification accuracy is mainly due to the assumption made by most classifiers such as the widely 
used maximum likelihood technique that classes within an image are multi-normally distributed or 
composed of finite number of classes. The spectral data rarely, if ever, can conform to these 
assumptions. Image classification which use these assumptions, often end up with large errors 
(Ince,1987; Mather,1990), and even if manual editing is performed in the training collection as in the 
parametric approach where a strict threshold for each class is enforced, then it usually leaves the 
image not fully classified. The unclassified pixels are usually the classes which are inadequately 
represented by this normal statistics especially in the higher resolution of the new generation satellite 
data like Landsat TM and SPOT (Bolstad and Lillesand, 1991). 
Numerous attempts have used multi-temporal, multi-resolution, and prior probabilities (Strahler,1980; 
Maselli,et.al.l992) in an attempt to improve classification, but the results have been so far poor from 
the operational point of view. Apart from the above mentioned conventional classification, the 
recent watershed method proposed by Watson et. al. (1992) has shown a potential for producing 
accurate classification. The watershed classifier is a pattern recognition technique which use a 
particle detection procedure to construct spectral classes which then can be assigned to the ground truth 
classes. The watershed algorithm without any prior assumptions of the classes parameters seems to 
be one of the promising methods, however, it can only be applied to 2-D feature space and hence 
several independent analysis had to be combined to give best results (Watson et. al.,1992). In 
addition, the watershed method has not been demonstrated on large operational sizes of more than 
512x512 extract. Consequently, this paper will examine the generalization of watershed method using 
input from n-D feature space for scene covering the size of one operational land use map of Malaysia. 
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